Abstract: Contrary to other preservation methods like thermal treatments, high pressure can destroy microorganisms without affecting the nutritional quality, color, or food texture. The firm texture of fish flesh is an important quality parameter. During the refrigerated storage, the tissue becomes softer and the muscle is deteriorated by different proteases. The aim of this study was to study the modification of the fish muscle proteins after high-pressure treatment during the refrigerated storage and to evaluate the effect of high-pressure treatment level on the post-mortem protein changes and enzyme activities. The calpain activity decreased with the high-pressure treatment and evolved differently during the refrigerated storage, depending on the level of pressurisation. Its inhibitor, the calpastatin was not affected by high pressure, but its inhibiting potential decreased during the post-mortem storage. The activities of cathepsins were modified by the high-pressure treatment and the time of storage, but depended according to their class. The electrophoresis profiles showed that sarcoplasmic proteins were modified according both the high-pressure treatment and the period of storage. For the myofibrillar proteins, the only changes were due to the high-pressure treatment.
Introduction 44
Freshness is one of the most important aspects of raw fish which contributes the best to 45 define the quality of fish as food. The loss of freshness is often caused by a combination of 46 physical, biochemical and microbiological reactions. Thus, the enzymatic degradations 47 introduce the post-mortem softening of fish muscle and allow a proliferation of bacterial flora. 48
The contributions of proteolytic systems to the fish muscle degradation have been only 49 little clarified. Calpains and cathepsins are the enzymes often cited as they seem to be 50 involved in post-mortem tenderization [1, 2] . The calpains and the cathepsins are thought to 51 act in a synergistic way [2] . 52
The calpains (EC 3.4.22.17) are intracellular endopeptidases requiring calcium for their 53 enzymatic activity. Two isoforms are widely present in muscle: µ-calpain (5-50 µM Ca 2+ to 54 be active) and m-calpain (150-1000 µM Ca 2+ ). The calpains are heterodimers composed of a 55 large subunit and a small subunit with a molecular weight of about 80 kDa and 28 kDa, 56 respectively. Moreover, these enzymes are regulated by an endogenous specific inhibitor, the 57 calpastatin. In sea bass muscle (Dicentrarchus labrax L.), three different isoforms have been 58
identified [3] . The calpains seem to be responsible for the early beginning of the proteolytic 59 degradation of myofibrils [4] . 60
The cathepsins are "acid" proteases, which are embedded in organelles called lysosomes 61
Preparation of the fish samples 95
Twelve farmed fresh sea bass (Dicentrarchus labrax L.), 4 years old, with an average 96 weight of 325 g and total length of 30 cm were collected from a local aquaculture farm ('Les 97
Viviers du Gois', Beauvoir-sur-Mer, France) and brought back alive to the laboratory. Fish 98 were killed by decapitation, dorsal white muscle was excised and skinned in pre-rigor 99 conditions. To reduce the effect of fish variation, both dorsal fillets of each fish were divided 100 into portions and mixed to finally obtain out twelve homogeneous samples each of about 100 101 g. 102 103
High-Pressure Processing 104
High-pressure processing was carried out in a 3.5 L vessel (ACB Pressure Systems, 105 Nantes, France) equipped with temperature and pressure regulator device. Prior to pressure 106 processing, sea bass muscle samples at the day of death prepared as described above were 107 individually packed under vacuum in polyethylene bags (La Bovida, France). The samples 108
were subsequently subjected to high-pressure treatment: 4 samples at 100 MPa and 4 samples 109 at 300 MPa (± 7 MPa) for 5 minutes. The remaining four samples were studied without 110 pressurization as control. The expected high-pressure was reached at 3 MPa/s, and after 5 111 minutes was then quickly released (250 MPa/s). Temperature of transmitting medium in the 112 vessel was settled at 10°C (± 5°C). Temperature of the cooling jacket which surrounded the 113 pressure vessel was also controlled at 10 °C during pressure treatment. One thermocouple K-114 type (0.3 mm diameter, Omega, Stamford, Connecticut, USA) positioned close to sample 115 allowed to follow temperature variation during treatment. variability which is erased in our experiment. Initial calpain activity is not affected by 238 pressurization at 100 MPa; but it increased during the first two days of storage after treatment 239 before decreasing on the following days. The initial increase of activity could be due to a 240 structural modification which allows a better affinity between enzyme and substrates. In the 241 muscle pressurized at 300 MPa , the calpain activity was very low even immediately after the Day 7
